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Prof. Lerner and Fitzpatrick have demonstrated that melanin is formed in the living 
organism by tyrosinase with tyrosine as substrate. Various factors controlling melano-
genesis，either by accelerating or retarding tyrosine-tyrosinase reaction，have not yet 
been clarified. We assumed that thiamine and riboflavin would play some important role 
in melanogenesis by controIling it. Results of experiments have proved this hypothesis. 
We are going to give a brief account of our findings. 
In passing we wish to say a few words about thiamine and riboflavin. As shown in 
Fig. 1，there are two types of thiamine，thiamine in the free state and thiamine in the 
form of ester. Itis well known that thiamine，which acts as the co・enzymeof carboxylase 
in the living organism，is in the form of ester. In recent years，much work on thiamine 
decomposing factors has been reported in our country，and several types of thiamine with 
new chemical structures have been 
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 2H40H the free state by cysteine. The '-/"'-CH2 Fig. 1 shows that riboflavin is 
CH3 not only in the 
free state but also 
4. riboflavin ( 1) FR free riboflavin in the forms of FMN and 
FAD. 
↓2) FMN flavin mononucleotide Let me first explain our findings 
l3) FAD 姐avinade山 le dinucleotide on thiamine and riboflavin levels 
Fig. 1 Devivates of thiamine and its alkyldisuefide in the areas of melanic pigmenta-
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tion. We found by tluorescence microscopic study and quantitative determinstion that 
the skin of pigmented moles and the black hair， which are rich in melanic granules， 
contained a lot of thiamine and ribotlavin. Fig. 2 shows that there is a great difference 
in the amount of thiamine 
0.1 0.2 0.3 0.4 0.5 0.60.7 0.80.9 1. 0 1.1 1. 2 1. 3 1.4 1. 5 pg/ between the black and white 
man hair of the same person or the 
口 same animal. 
Our histochemical 自 ndings 
(gre7 口 that the cortex of black hair 
contains a lot of thiamine are 
light
rabbit k 医密室ヨ	 given in Fig. 3. Ribotlavin is brown 
white 口	 demonstrated in large amounts 
in the skin of persons who
Fig. 2 Thiamine Content of the Hair 
have pigmented moles and 
who are rich in melanin 
(Table 1. 2). It is worthy 
to note that thiamine and 
ribotlavin found in the skin in 
large amounts are thiamine 
in the free state and ribotlavin 
in the form of FMN. Signi:fi-
cance of this 0 bservation shall 
be dealt with later. 
N ow let me turn to the 
effects of thiamine on tyrosine-
tyrosinase reaction. Dopa-
chrome， which is an inter-
Fig. 3 Fluorescence Microscopic Cemonstration of mediate product of tyrosine-
Thiamine in the Epidermis and Hair tyrosinase reaction， develops 
Follicle. (Melanin is detected in the basal 
a red color. We can record 
layer (B) in the epidermis and in the 
accurately the progress of the cortex of the hair fo1i cle 
reaction by counting the time 
Tab. 1 Amounts of Ribotlavin in Normal Tab. 2 Amounts of Ribotlavin in the 
Skin and Areas of Pigmentation Skin of Various Parts of the 
μgjg Body 
Je尚 rmis¥co山 m¥ total (amounts of ribotlavin f1gjg) 
amounts1. 62 1. 32I 0.69 ¥ 
human I 	 jmaximumj minmum j average 
州 cent| 0.61 0.58 areas area I 0.54 J of the skin 

lareaof| 1. 61 1. 61 abdomen 
 0.79black furs 
I 
1. 620.56white 	 0.56 
extremity 0.97 
scrotum 
area到	 
prepuce 
axillae 1. 69 
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required for developing the red color，and by measuring color differences. 
When the reaction solution was added with thiamine， the lag period was c1ear1y ex-
tended， as shown in Fig. 4. The extension was in direct proportion to the amount of 
thiamine added. Fig. 4 also shows that the extension was noticed in exper.iments with 
thiamine in the form of esters， but' that there was no extension in experiments with 
thiamine disulfide. As shown in Fig. 5 and 6，the minimum amounts of thiamine in the 
free state and in the form of esters which were required to extend the lag period ranged 
from fifty to one hundred gammas. 
Oxygen consumption of tyrosine-tyro-
sinase reaction solution was lower when 
thiamine in the free state or in the form 
of ester was added as in Fig. 7 and 8. 
The addition of thiamine disulfide did not 
cause the slightest change in the uptake 
of oxygen by the reaction solution. 
Table 3 shows that the addition of 
thiamine resulted in decreased production 
of dopa，the first intermediate product of 
'o the reaction as determined by Arnow's 
出
口.-叱コ method.a 20 
凸4 
Fig. 4 Effects of thiamine in the Free. 
Results of experimerts show that thia-
mine， when added to tyrosine-tyrosinase 
reaction， inhibited the reaction. They 
seem to contradict the findings that there 
is . a lot of thiamine in the areas of 
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Fig. 5 Extension of the Lag perid by Fig. 6 Extension of the Lag Period by 
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Fig.7 Fig~ 8 Decrease of Oxygen Consumption 
due to the Addition of Thiamine 
Diphosphate (TDP) 
Tab.3 E旺ects of the Addition of 
Thiamine on the Ainounts of 
Dopa Produced in Tyrosine- 10 
5 10 15 20，25 30 40 50 60 40 50 
----i惨 mm. 
Decrease of Oxygen Consumption 
due to the Addition of Varying 
Amounts of Thiamine in the Free 
State 
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Tyrosinase Reaction Dopa (μg) 
喜 一  
time elapsed amounts of dopa produced 
after addition 
of tyrosinase thiamine not I 250μg of 
(minutes) added Ithiamine added 。 0 O?
υ 
5 
10 4.5 3.5 
tiqruqLqa Fhdnuzunu 
9.5 6.5 
16.5 13.5 5 10 15 20 20 30 
-ーーーー~min. 
22.5 20.0 N 
31.5 26.5 tyrosine: 2 mgJml一一 Clark's bu妊 er pH15 
50 68.0 64.0 7.0，tyrosinase: 0.5 ml of 0.05 mgJml，Yagi's 
fiuorophoto-meter used. 90.0 86.560 
Fig.9 Quantitative Determination of 
reaction，the following observations were Thiamine Added to Tyrosine-
made: Tyrosinase Reaction. 
Comparison of Ferricyanide and 
As shown in Fig. 9 thiamine was affected Cyanogenhromide Method. 
by the reducing mechanism in the process 
of reaction. And part of it was converted into thiamine disulfide，as shown in Fig. 10. 
Paper chromatography showed clearly that thiamine added to the reaction solution hacl 
undergone decomposition. The fact that the spot of thiochrome .and the spot as shown 
60 
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a) T+TDP+D (Ferri BrCN) 
園田園圃圃 Ib) T+TDP+T-rase+D (Ferri) 
c) T+TDP+T-nase (Ferri) 
d) T+TDP+T-nase 
EE圃圃圃圃圃圃園田園 | e) T+TDP十 T-nase十 D (BrCN) 
f) T+TDP+T-nase+D+C (BrCN) 
D = Diastase T =Tyrosine Ferri= Ferricyanide meteod 
C=Cysteine T-nase=Tyrosinase BrCN =Cyanogenbromide method 
Fig. 10 Change of TDP Added to Tyrosine-Tyrosinase Reaction 
(48 hours after the reaction started) 
(川戸川ぃ  
in Fig. 11 were produced proves 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
that thiamine had been decom- a 1. - ~ 
posed. b~三 -These observations indicate the a tyrosine+thiamine (500μg) +tyrosinase 
possibility of thiamine added to Ferricyanide 
b tyrosine+thiamine (500μg) +tyrosinase tyrosine-tyrosinase reaction solu- Cyano gen bromide 
tion being converted into thiamine 
Fig. 11' Paper Chromatography of Reaction 
disulfide. During the course of Solution. 
the reaction，thiamine is decom-
posed by dopa and dopaquinone. 
Professor Fujita of ]apan has epidermis: 
thiamine 0.54 proved experimentally that dopa 
ribofiavin 0.5-0.9 
and dopaquinone oxidate thiamine 
to thiamine disul五de. 
thiamine 0.5 
Raper attaches importance to (piqmented hair) 
the role of dopa as catalyst，and 
states that dopa is reproduced by 
Subcutis: 
leukocompound. and dopaquinone. thiamine 0.93 
ribofiavin 0.4~0.7Thiamine reacts with dopaquinone 
and is decomposed by it，and the 
reproduction of dopa is inhibited， The amount in all the 
laycrs of skin: thiamine 0.5~0.7thus prolonging the lag period. 

As thiamine was demonstrated in 
ribo宜avin0.6，.. 0.8 

Fig. 12 The amount of thiamine and ribofiavin 
large amounts in the epidermis， 
in various layers of skin (rjg) 

as shows in Fig. 12 and Table 4， 

this reaction may occur in the skin. Thiamine disulfide is accumulated in the cortex of 

the hair where tyrosine melanin is being formed. In quantitative estimation of thiamine 

in the hair，thiamine disulfide is converted by cysteine into thiamine in the free state. 

Our study shall be summavized as follow: Thiamine controls the formation of tyrosine 
melanin in the skin and hair. Its power may not be so strong as vitamin C or cysteine; 
it would be reasonable to think that thiamine exercises a physiologic control on melano-
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Tab.4 The Distribution of Thiamine and Ribofiavin in the Skin 
and Its Appendages (histochemical demonstration) 
Thiamine 
Ribofiavin 
f 
IH位 IS由 aceousEpidermis Basal Layer Papil1 a FolliculeI Gland 
+十 十件 十 +十ト + 
十
Sweat 
Gland 
* 
genesis. Thus interfering in melanogenesis， thiamine is oxidized to thiamine disulfide， 
which is accumulated in the areas of melanic pigmentation. As for ribfiavin， some in-
vestigators in our country have assumed that it may be conjugated with phenolic OH， 
with the OH of tyrosine， for example. We w il1 carry out experiments to see if this 
hypothesis is valid. 
tωo be made at Universities and institutes in the U. S. A.， Europe and India during the I(…… 
aJ1 thor's tour of inspection from September 1960 to January 1961. J 
(TPD=thiamine propyldisul五 de

者¥ TOED= thiamine 2-hydroxyethy1 disulfide 

~TDP=thiamine diphosphate 

持普 B1 =thiamine hydrochlovide 
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